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Why Flavor & CPV?

Flavor violation and CPV probe otherwise

=" J uncharted territory: 10 — 10* TeV

1 FV and CPV probe otherwise uncharted territory of
-y d=6 SMEFT operators

FCC-ee will provide unprecedented huge statistics

FCC-ee will provide unprecedented low
background

flavor and CPV program



B, — ]/ P: based on

e Ligeti, YN, Schein
— JHEP 01 (2026) 095, 2506.21675

e Ligeti, Robinson

— PRL 115 (2015) 251801, 1507.06671
* Jung

— PRD 86 (2012) 053008, 1206.2050

e Fleischer et al.
— EPJC 86 (2026) 215, 2505.06102
— JHEP 03 (2015) 145, 1412.6834



B, — ]/ P: 16 observables
T ——

_)]/1/)7-[ (3.92 +0.09) x 107° (+1.23+0.47)

X 1072

t S J/WKY (1.02+0.02) x 1073 (+1.8+3.0) x 1073

B; = J/yr° (1.74 £ 0.07) X 1075 (+8.5 + 8.5) x 1072

B; - ]/1/) KO° (891+0.21) x 10~* (+0.9 + 1.0) x 1072

—0.87 £ 0.11

+0.708 £ 0.012

NA

—0.08 + 0.41

B, > J/Ym° <121x107° NA
B, = J /Y K (1.92 + 0.14) x 1075 —0.28 + 0.42
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B, — ]/ P: 12 parameters

* 0 1 * 0
o A= (ViVig) (AL + eAD) + (VipVig) AL
— SU3)p limit: A
— SU(3)p breaking: € diag(+1,+1,—2), € ~ 0.2

e SU(3)r =5 AEO), 4 Agl), 3 A,(f) relations

— 6 independent complex amplitudes:
: 1A2 + ZA% + 3A3



B, — ]/ P: 4 relations

e 4 relations:
- Aw,bK"'/Aw,bn"' = —| Vcd/Vcsl2

= Acp = Ayp+ = (123 £0.47) X 1072, A+ = (=6.5+2.5) x 107*

" Coxo/Coro = ~|Vea/Ves|?

» = (] —0.17 £ 0.19

YRO ™

. St%KS — S8 = —| Vea/Ves|? (CZ,B/CZ,BS) (517;1(5 + 5235)
" = Siks —S2p = +0.001 £ 0.015

" (14 2%)s25 = S, — 1283y — 2¢2pt, (Mg + A%Ar)
" = Sjk, —S2p = —0.05 4 0.03



sin 25 =?

mmetry Candidates / (0.5 ps)

VupVus P

 Neglecting — [good to 0(0.01)]

thts
" sin2f = SwKS
* Neglecting &gy(3) [good to 0(0.003)]
2
" sin2f = SwKS

Ved

Voo (51/;1{5 + S2p,)

CzB

* Neglecting &5, 3 [good to 0(0.001)]

= gSin 2,8 SIIJKS CZZ[;B (SIIJKS + Szﬁs)
RSd

x [1+ K°KO 1 n Cl/leczﬁs
2

Vcd

AD 1/)K
A(O) p(1+2%)—=—]

SIPKS



B, — ]/ P: Wishes
T A———

s J/wnt (3924 0.09) x 1075 (+1.23 £ 0.47) x 1072

t o /WKt (102£0.02)x107° (+1.843.0) X 1073 _

By — ] /Y 0 (1.74 £ 0.07) x 10™>  (+8.5+8.5) x 1072 —0.87 £ 0.11
B; = J/YK° (8914 0.21) x10™*  (4+0.9+ 1.0) x 1072 +0.708 4+ 0.012
B, - J/yr° <121x107° NA NA

B, - J/Y Ks (1.92 4+ 0.14) x 107> —0.28 + 0.42 —0.08 + 0.41

* Measuring Sk, Cy i will close in on sin2f



B, —» KOK©°

Amhis, Grossman, YN, JHEP02 (2023) 113, 2212.03874
Grossman, Neubert, YN, Shpilman, Viernik, JHEP 05 (2025) 210, 2407.13506

Observables:
I(Bs—K°KO)

+ RY = e
I'(Bs—»KtK™)
— Acp(Bs » KTK™) = Sg+ - sin(Amgt) — C+ - cos(Amst)

Theory vs. experiment:
—  SM +isospin: Rgj — Sg+,-coty =1
— Experiment: Rgk — Sg+,-coty = 0.58 +0.13
— 30 deviation

Wish list:
— Branching ratios:

« BR(Bs, — K°K9)
— CP asymmetries in B; ;4 —> K°K©:

S . S - Sd - Cd -
KOKO’ ~ KO0’ KOK0’ ™ gOKO
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Bt - X0

Grossman, Ligeti, YN, work in progress

CPV Observable:
I(B~-n n%)-rB*->ntn?

_ + +-0y\ —
ACP(B onn ) I'(B~-»n~n%)+I'(Bt->n*tm0)

Experiment:

— Acp(BE —» in®) = —0.01 + 0.04

Theory:

— A p(BE - %) = 0 in the “isospin limit”, but
e EWP
* 7T — 1 mixing
* |sospin violation in strong penguins
e AI=5/2

= Acp(BT - n*n®) ~ afew x 1073

Wish list:
— Measure A¢p(B* - ntn?)



CPV conclusions

Six decay processes, B; — P (g =u,d,s; P =K,m) are
related via SU(3)

1.1 6 decay rates + 10 CP asymmetries vs. 12 independent
§ parameters = 4 predictions/tests of CPV

In particular, closing in on sin 28 — S$KS

Measuring Sy k., Cyy . Will be useful

I'(B; = KsKs) violates an isospin relation by 30;
Measuring SIS(:SKS’SI%SKS will be useful

Acp (BT - %) will provide insights on electroweak
penguins and on isospin violation
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Backup Slides
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B — KK, Km - experimentally

__Process | _BRx 10°

B, - K°K?© 1.76 + 0.31

B, > KTK~ 2.66 +0.22  +0.139+0.032 +0.172 + 0.031
B, » K°K° 0.121+0.016  —08+04 0.0 + 0.4
Bt - K%t 2.37 + 0.08 — —0.017 £ 0.016

By > Ktm™ 1.96 + 0.05 _ —0.0834 + 0.0032



R35 /RY4 - formalism

+ A(B; > K°K?) = G_x/gﬂls’[(af - %QZ,EW) Agk
T (bg T bf - %bg,EW - %biEW) Brg + (bf
- %bZ,EW) Bgkl

+ A(Bs = KK = ZA4(Spus +
+ @y pw ) Ak + (bé’ + b, — %bg,EW
- %szW) Bk + (8pub1 + by + by gy )Bik]

* Brx/Axk = 0.0037
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Ry - Isospin

0 G
* A(Bs - K°K®) = Z Ap[ay Ak
+(b3 + b} )Bkk + (by )Brx]

_ G
e A(B > KTK™) = Tg/lg[(cYpual + af)AKg
T (bg T bf)BKI? T (5pub1 + bf)Bl?K]
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VoV
First order in RY: = |22 ~ (.02
VipVts

The R ratios:
R =1+ 2RY: cosy X Re[(T + E)/(P + Py)]
R“4 =1 + 2R}t cosy x Re[(T — A)/P]

RE = 1

The CP asymmetries:

ctp— = 2Rps siny X Im[(T + E) /(P + Py)]
ot = 2RpEsiny X Re[(T + E)/(P + Py)]
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